Introduction {#sec1-1}
============

The evaluation and management of discrete hepatic masses is a common clinical problem.\[[@ref1]\] The differential diagnosis of hepatic mass lesions includes primary liver tumors, metastatic deposits, congenital and acquired cyst, abscesses and granulomas.\[[@ref2]\] Ultrasound-guided fine needle aspiration cytology (FNAC) is a rapid, accurate and safe diagnostic procedure that can be used in diagnosing various neoplastic and non-neoplastic diseases of the liver.\[[@ref3]\] The advantages of this technique are its high diagnostic accuracy and low cost, thereby rendering the older technique of blind percutaneous biopsy using a coarse needle obsolete.\[[@ref4]\]

The aims and objectives of the study were grading of primary hepatocellular carcinoma (HCC) on the basis of cytomorphological variables, differentiation of primary hepatocellular carcinoma from metastatic carcinoma on the basis of cytological criteria, evaluating the technique and inadequacy rate of aspirated smearsand comparison of cytomorphological features of HCC with metastatic lesions.

Materials and Methods {#sec1-2}
=====================

Ultrasound-guided (USG) percutaneous fine needle aspiration was performed on 52 patients (28 males and 24 females) with ultrasonographically suspected focal or diffuse neoplastic lesion of the liver.

Fine needle aspirations were performed by the radiologist with 22 gauge needle for superficial lesions and 18 gauge spinal needle for deep-seated lesions, attached to 20 mL disposable plastic syringe. Taking all aseptic precautions, area was cleaned, and during suspended respiration, needle was introduced percutaneously into the lesion evaluated by ultrasound. Four to five smears were made and immediately fixed in 95% alcohol for 15-20 minutes and then stained with Papanicolaou stain.

The final diagnosis was made by histological confirmation of percutaneous liver biopsies and surgical biopsies and clinical correlation with laboratory (liver function tests specially serum bilirubin and alkaline phosphatase, hepatitis B and hepatitis C viral markers and tumor markers like alfa-fetoprotein, carcino-embryonic antigen (CEA) etc.) and ultrasound findings.

Results {#sec1-3}
=======

There were 52 patients with a mean age of 48 years. More than 50% of cases were between 30 and 60 years of age. Twenty eight cases (53.8%) were males and 24 (46.2%) were females.

Out of the 52 aspirates, 46 (88.5%) were malignant, 1 (1.9%) was benign, 3 (5.8%) were non-representative, as it contained blood with few scattered hepatocytes, and 2 (3.8%) were suspicious of malignancy. In smears typed as suspicious, very few atypical cells were seen \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of liver aspirates
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On FNAC, in 26 cases (56.5%), metastatic tumors were diagnosed. The most common metastatic tumor was adenocarcinoma found in 24 cases (92.3%) with one case (3.8%) each of squamous cell carcinoma and lymphoma. Nine cases were metastases from gall bladder, eight from colon, one each from breast and prostate. In seven cases, diagnosis of metastatic adenocarcinoma was given, but primary site could not be ascertained.

The commonest primary tumor was HCC diagnosed in 14 cases (30.4%). Based on cytological features, HCC was differentiated into 3 grades. All the cases of HCC were confirmed histologically.

In grade I/well differentiated HCC, tumor cells resembled hepatocytes with abundant and granular cytoplasm, central round nuclei and slightly increased nucleocytoplasmic ratio. Chromatin was coarse granular, and prominent nucleoli (usually single) were present \[[Figure 1a](#F1){ref-type="fig"}\].

![FNAC of liver: (a) Tumor cells from grade I HCC arranged in trabecular pattern as well as scattered singly. Cell cords are 3-4 cell thick. Cells show bile, hyperchromasia, moderate granular cytoplasm, slightly increase neucleocytoplasmic ratio and 1 - 2 prominent nucleoli. (Pap, ×400). (b) Grade II HCC - central and peripherally placed nuclei, coarse granular chromatin (Pap, ×400). (c) Grade III HCC - pleomorphism, giant cells, abnormal mitoses and naked nuclei (Pap, ×400). (d) Cholangiocarcinoma - small cells with mild anisonucleosis with micro acinar pattern (Pap, ×400)](JCytol-30-116-g002){#F1}

Grade II/moderately differentiated HCC showed tumor cells with less abundant cytoplasm, high nucleocytoplasmic ratio and round to ovoid nuclei located peripherally. Chromatin was coarsely granular and unevenly distributed, and nucleoli were prominent. Binucleation was common, and naked hepatocytic nuclei were also seen \[[Figure 1b](#F1){ref-type="fig"}\].

Grade III HCC showed two distinct patterns - poorly differentiated and pleomorphic. Poorly differentiated cells showed no resemblance to hepatocytes, having relatively scanty cytoplasm. Nuclei showed variation in size and shape, having granular chromatin. Nucleoli were irregular and sometimes several. Atypical naked hepatocytic nuclei were also seen.

Pleomorphic type showed large cells with abundant cytoplasm, irregular and eccentric nuclei and prominent nucleoli. Multinucleated tumor giant cells were frequently observed. Rare or no trabeculae or bile was seen \[[Figure 1c](#F1){ref-type="fig"}\].

Six cases (42.8%) of HCC were grade III followed by 4 cases (28.6%) each of grade I and grade II HCC.

The other primary liver tumors were cholangiocarcinoma 4 cases (8.7%) and 02 cases (4.3%) of hepatoblastoma. Cytological features in cholangiocarcinoma were small cells having scant cytoplasm and ovoid hyperchromatic nuclei arranged in loose clusters as well as scattered singly. Prominent nucleolus was not a constant feature \[[Figure 1d](#F1){ref-type="fig"}\].

The cytological features of hepatoblastoma were different in two cases, as one was fetal type and other was anaplastic type. Fetal type or highly differentiated hepatoblastoma showed cells resembling normal hepatocytes with rare mitoses arranged in 2 or 3 cell thick tumor cords. Anaplastic type or small cell undifferentiated type showed small cells with scant cytoplasm and densely stained nuclei. Rosette formation was also seen \[[Figure 2](#F2){ref-type="fig"}\].

![FNAC smear with cluster of tumor cells from hepatoblastoma showing fetal hepatocytes on left and small undifferentiated tumor cells forming rosettes on right. (Pap, ×100)](JCytol-30-116-g003){#F2}

The cytological diagnosis correlated well with the histopathological diagnosis in all the 46 cases of malignancy. Cases which were suspicious of malignancy on cytology were confirmed by histopathology. One was diagnosed as metastatic squamous cell carcinoma, and other was diagnosed as metastatic adenocarcinoma. Out of three inadequate smears, 2 were later found to be malignant and were diagnosed as HCC and metastatic adenocarcinoma, respectively, and 1 was focal nodular hyperplasia. One case which was negative for malignancy on cytology was diagnosed as liver abscess on histopathology.

Out of 52 cases, 50 were confirmed as malignant cases. Metastatic tumors constituted 29 cases (58%). Eleven cases showed primary in gall bladder as confirmed by USG findings and histology. Eight cases were having primary in colon as confirmed by histology and elevated CEA levels. Three cases were known cases of breast carcinoma, prostatic adenocarcinoma and non-Hodgkin lymphoma. In 7 cases of metastatic adenocarcinoma, primary lesion could not be detected \[[Table 2](#T2){ref-type="table"}\].

###### 

Typing of liver tumors on final diagnosis
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The sensitivity of cytological analysis was 96%, and the specificity was 100%. The positive and negative predictive value was 100% and 50%, respectively. Accuracy of FNAC was found to be 96.1% with no false positive diagnosis.

Discussion {#sec1-4}
==========

Fine needle aspiration under ultrasound guidance has been found to be very useful in diagnosing hepatic tumors.\[[@ref5][@ref6]\]

The most important requirement for cytodiagnosis is to obtain a representative sample. The ultrasound-guided FNA of liver lesions increases the accuracy of sampling, even for a deeply seated lesion, and has been proved to be a safe and accurate method for diagnosing primary liver carcinomas and metastases.

Inadequacy rate in current study using 18 gauge spinal needle for deep-seated lesions was 5.7%. Bell *et al*.\[[@ref6]\] and Talukdar\[[@ref7]\] reported inadequacy rate of 13% and 6.5%, respectively, using 22 gauge needle technique. Lowest inadequacy rate of 1% is reported by Guo *et al*.\[[@ref8]\] using 22 gauge chiba needle. In the present study, causes of inadequacy were hemorrhagic and non-representative smears.

An aspirate that obtains material only from the surrounding tissue of the tumor may show reactive and proliferative changes, whereas an aspirate from the center of a large tumor may sample only degenerative and necrotic material. Therefore, for aspiration to be representative, the needle should pass through the entire mass.

Tao *et al*.\[[@ref9]\] and Edoute *et al*.\[[@ref10]\] advocated multiple aspirations, as this may minimize diagnostic errors. Multiple liver aspirations under guidance can almost certainly yield representative material of neoplastic cells from at least one aspirate. The yield of cells can be further increased by heparinisation of fine needles and syringes.

In most of the studies, the youngest patient was 10 year old. The youngest patient, 20 days old with liver lesion, was reported by Das *et al*.\[[@ref3]\] In our study, the youngest case was 1 year old.

It is very difficult to differentiate between primary and metastatic tumors on cytology. Difficulty in cytological diagnosis arises at the end of malignant spectrum i.e., distinguishing well differentiated from benign lesions and separating less differentiated from metastatic malignancies.

Important cytological criteria useful in distinguishing HCC from non-neoplastic liver are increased nucleocytoplasmic ratio, arrangement of tumor cells in trabecular pattern and atypical naked hepatocytic nuclei. Other secondary criteria useful in differentiation are nuclear features i.e., irregularly granular chromatin, uniformly prominent and multiple nucleoli.\[[@ref11]\]

Cellular patterns observed in aspirated material useful for the diagnosis of HCC include either trabecular or acinar arrangement of cells, high cellularity of smears, polygonal cells with central nuclei, abundant granular cytoplasm, coarse granular chromatin, increased nucleocytoplasmic ratio, malignant cells separated by sinusoidal endothelial cells, presence of bile, prominent nucleoli, multinucleated tumor giant cells, atypical stripped nuclei, large and small cytoplasmic vacuoles, intracytoplasmic and intranuclear inclusions\[[@ref12][@ref13][@ref14]\] \[[Table 3](#T3){ref-type="table"}\].

###### 

Frequency of various morphological features in aspirated biopsy samples of HCC in present study
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Trabecular pattern was observed in 65% cases. Individual trabecula was well-defined, long and broad and consisted of 4 to 10 layers of tumor cells. Acinar pattern was seen in 38% cases. On the basis of frequency of occurrence, most consistent features were high cellularity, high nucleocytoplasmic ratio, hyperchromatic nuclei and irregular granular chromatin. Second common features were pleomorphism and macronucleoli followed by polygonal cells with central nucleus and well-defined cytoplasm, atypical naked hepatocytic nuclei and malignant cells separated by sinusoidal capillaries.

However, the number of cytological features indicating malignancy is variable with the differentiation of the tumor.

The primary cytological features to differentiate HCC from metastatic tumors stated by Bottles *et al*.\[[@ref15]\] include polygonal cells with centrally placed nuclei, malignant cells separated by sinusoidal capillaries and presence of bile. Other secondary criteria useful in differentiating HCC are intranuclear cytoplasmic inclusions and endothelial cells surrounding tumor cells clusters. The secondary deposits in the liver may reproduce the histology of primary lesions. The salient features separating HCC from metastatic adenocarcinoma given by Greene *et al*.\[[@ref16]\] were tumor cells in HCC are polygonal or polyhedral, whereas cells are usually columnar or cuboidal in adenocarcinoma; cells in HCC have abundant eosinophilic and granular cytoplasm with one or two macronucleoli, whereas adenocarcinoma cells may show mucin secretion, and presence of more than two nucleoli is common. Trabecular arrangement is suggestive of HCC, whereas acinar or glandular arrangement is more favorable to adenocarcinoma. Inflammatory background is commonly seen in adenocarcinoma. In our study, metastatic deposits from colon carcinoma showed large columnar cells with eccentric large nuclei and prominent nucleoli. Acinar arrangement and intracellular and/or extracellular mucin was frequently observed.

Metastases from breast carcinoma showed tumor cells arranged in clusters as well as singly. The cells were round to oval with central hyperchromatic nuclei. Metastatic squamous cell carcinoma showed large tumor cells with marked variation in size and shape. Cells showed abundant cytoplasm with well demarcated cell borders, hyperchromatic nuclei and coarse chromatin. Intracellular keratinisation was observed in one case.

Various studies have reported sensitivity varying from 67% to 99.5% and specificity 87% to 100%.\[[@ref2][@ref6][@ref8][@ref10][@ref17]\] In the present study, tumor type could be determined by FNAC with specificity up to 100%. FNAC was able to distinguish between neoplastic and non-neoplastic lesions with an overall sensitivity of 96%.

The overall accuracy of procedure in the present study was 96.4%, which was comparable to the rate of accuracy reported in literature (78% to 97.82%).\[[@ref2][@ref6][@ref8][@ref10]\]

Conclusions {#sec1-5}
===========

FNAC is a safe diagnostic modality for the typing and grading of hepatic tumors. The smears obtained under ultrasound guidance are highly representative. The laden cytological criteria have proven to be successful to pinpoint the diagnosis in smears, grading them and differentiating the primary from metastatic tumors.
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